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(57) Abstract 



An optical sensor (10) is produced with a polymer based fight source (18) and/or polymer based light detector (28). An 
electroluminescent source (18) has a conducting polymer layer (20) or alternatively a phosphor layer (20). A detector (28), of either 
Schotncy or heterqj uncuon/hybrid type, has a pbotoconducing polymer layer (64) or adjacent conducting polymer (76) and semiconductor 
(78) layers where at least one is photoconducting. 
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OPTICAL SENSOR WITH ELECTROLUMINESCENT LIGHT SOURCE 
AND POLYMER LIGHT DETECTOR 

Background of t he invention 

The invention relates generally to optical sensors 
5 and more particularly to light source-transducer-detector 
structures and materials for optical sensors. 

A variety of fiber optic based and other chemical 
sensors have been developed, based on absorbance, 
fluorescence, refractive index and other effects. These 
10 sensor designs can incorporate a wide range of sensor 
chemistries and are thus capable of detecting virtually any 
desired target species. These sensors have diverse 
applications from environmental monitoring to medical 
diagnostics. 

15 a common problem to all optical sensors is the 

constraints imposed by available light sources and detectors. 
Typical conventional light sources include LED's, lasers and 
lamps. Detectors include photodiodes. Available light 
sources and detectors are often limited as to wavelength and 

20 power, as well as cost and size. Conventional sensors require 
coupling schemes to effectively input the light from the 
source to the transducer portion of the sensor and to return 
a light signal from the transducer to the detector. In -one 
typical arrangement, as illustrated by U.S. Patent 5,059,790, 

25 the source and detector are positioned at the distal end of 
an optical fiber from the transducer (reservoir cell) . In an 
alternate arrangement, as illustrated by U.S. Patent 
5,116,759, the source and detector have been incorporated into 
the cell in direct proximity to the transducer. 

30 A recent development is an electroluminescent device 

made from a light emitting doped polymer, as described in 
Grem, etal., "Realization of a Blue-Light-Emitting Device 
Using Poly(p-phenylene) , " Adv. Mater. 4(1), Jan. 1992, pp 36- 
37; Cao etal., "Solution-cast films of polyaniline: Optical- 

35 quality transparent electrodes," Appl. Phys. Lett. 60(22), 1 
June 1992, pp 2711-2713; and Gustafsson, etal., "Flexible 
light-emitting diodes made from soluble conducting polymers," 
Nature, V. 357, 11 June 1992, pp 477-479. These "polymer 
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According to one aspect of • 
provided an optical sensor ,. invention, there is 

an el^lulesca^t !W s 91 " 

- — , a detecto/o^tw; ' * ~ 

According to . nother * Reducer. 

is Provided a pol^ric ii 9 ht ".^"r ^ 
conducting polyner layer;, p, J o*el ec Ces """"^ ° 
P-iy«r layer, at least on. * -surrounding the 

" transparent; ne«« connected ro the .! . el * Ctr0d « s 

• voltage and for detecting an slectr^ "V* 1 "* 
the poly»er layer by incident light " 

t»«. is preHraMy at Z^tZJT* " °" i " Tmtl « B - 
» transducer, a light source ^ ' ^ ^ ""''"'ng « optical 
transducer, and a detect , T ^ U9ht lnto the 
transducer, ..rein It Wt . T^Z ItZ * 
an electroluminescent light sourc. ' SOUrC ' is 

electrolu^nescent polyner J7 • Lyr 

* to the layer to produced! " iPPlyln9 ' 

- a iayer of phLc^ ^ZllZT ^ * ^ 
a ™ ~ thereto, 9 : CdT ^ drt -" 1 "' 

- oesign and , sandwich t^^f **— 
source ana detector rorned^ereT " aVin9 " U ** 

Polyner detector in conbination wit! * "»V« • < 

« The optical transducer can be J " transducer. 

- essentially a ..vegal" itTr T** " 
ooating/naterials either embedded to ^ "-*«" 
-ace. „ transducer could £ £ a^serT or^' 
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type cell. A polymer light source is formed on the optical 
transducer so that light from the source is directly input 
into the transducer. A suitable detector may also be 
provided. The detector may be a polymer device which is the 
5 reverse of the polymer light source. Alternatively, the light 
source is conventional and the detector is made of either a 
conductive polymer or polymer/ inorganic semiconductor hybrid. 
Use of both a polymer source and polymer detector results in 
a sandwich type design in which the transducer, e.g., a layer 
10 of sensing chemistry on a waveguide, is sandwiched between the 
source and detector polymer layers. 

Brief Description of the Drawings 

In the accompanying drawings: 

Fig. 1 is a cross-sectional view of a simple sensor 
is configuration according to the invention. 

Figs. 2A,B illustrate two embodiments of a sandwich 
sensor according to the invention. 

Figs. 3A-C illustrate three embodiments of the 
invention with an optical fiber. 
20 Fig. 4 is a perspective view of a planar waveguide 

sensor in accordance with the invention. 

Figs. 5A-C illustrate channel waveguide sensors 
according to the invention. 

Fig. 6 is a cross-sectional view of a porous 
25 membrane embodiment of the invention. 

Fig. 7A-D are cross-sectional views of polymer 
detector structures. 

Detailed Description of the Preferred Embodiments 

As shown in Fig. 1, a simplified optical sensor 10 

30 includes an optical transducer 12 which comprises sensing 
chemistry 14 on substrate 16. Adjacent to the transducer 12 
is electroluminescent light source 18 which is formed of light 
emitting chemistry 20 surrounded by electrodes 22, 23. 
Voltage source 24 is connected across electrodes 22, 23. 

35 Electrode 23 which is between substrate 16 and light emitting 
chemistry 20 must be transparent. A flow channel 26 is formed 
in sensor 10 along the exposed face of sensing chemistry 14. 
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A detector 28 faces sensing chemistry 14 senaM+ . „ _ 
2S. Light from source i 8 p^es ^"7"T * 
through substrate is, which must 21^^^^?"" 
chemistry 14. A sample is « 0 ' 

s interacts with sensin L I 26 and 

U1 se nsmg chemistry 14. The 
of any type, e a ab ^- transducer may be 

channel 26 into detector 28. ansducer 12 P^ses across 

The materials useful far 

... ir ; zzr. rr^tir rr 

semiconductive by the use a f a . Wlal ls nade 

ASF, i 2 A * ! 8 d ° Pant SUCh as s «"onic acid, 

" potassium, indium or other IT ^bazole, sodium, 

electron-hole paTrs or TZ "** PrOd0Ces -ther 

can similarly bTuse^ to ~ 

in both cam J, the 1^ i ^ rETTr" 1 ^ ^ 
- The electroluminescent iayerls placed ^l™""" ~ 

electrodes and a voltage i„ Z * Paif ° f 

aomiied , volta 9 e » the range of about 5-10 v is 

applied. The electrodes must genera k ^ 
impedance matched to the layer. transparent and 

As illustrative examples fm» «.», 

* — . poxy^^e, „ r p ;; P tr ;: s the us ^ 

electroluminescent laver a «; • as the 

applied to prcauc It ^ » ' " " "* 

a solubl . p. ly .„ llin . ™™»;z l ;^ nsBc T iayer 

and calcium electro <«s ... • &°le-in;,ecting electrode 

Polymers listed below for do*-*,.* 
- Uoht souroes when used W ~ «" » — 

*.pa n t (s , . The concntmion o t the dooaTt » 

~ st T "cti~xc e xVa :r ot soiw «■ 

detector M de JL^-JTZZZ 
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semiconductors- The sensing chemistry is? then basically 
sandwiched between two polymer layers which form the source 
and detector. Several variations of the structure result. 
As shown in Fig. 2A, sensing chemistry 30 is painted onto one 
5 side of substrate 32, e.g. a mylar film, : and the 
electroluminescent source 34 is formed on the other side of 
substrate 32. The details of electroluminescent source 34, 
e.g. electrodes and light emitting layer, are not shown but 
are similar to that of Fig. 1. A reverse polymer device 

10 (detector) 36 is then formed on one side of a second substrate 
38 and the sensing chemistry 30 is sandwiched between 
substrates 32, 38 with a flow channel 35 between sensing 
chemistry 30 and substrate 38. The position of the substrate 
38 and detector 36 can be reversed, as shown in Fig. 2B. 

15 The optical transducer may be of any type. In 

particular, the invention can. be used with chemical sensors. 
However, the invention applies generally to all optical 
sensors. The waveguide type sensors use various forms of 
waveguides, e.g. fiber optic, channel, or planar. Also used 

20 are reservoir type sensors. As shown in Fig. 1, sensor 12 can 
represent a reservoir cell between source 18 and detector 28. 
No flow channel may be necessary since the sample may flow 
directly through the reservoir cell. 

As shown in Fig. 3A, electroluminescent light source 

25 42 may be formed on the end of an optical fiber 44 which has 
a side coated sensing chemistry 46. The detector (not shown) 
would be placed at the distal end of the fiber 44. However, 
because of the small surface area of a fiber tip, additional 
elements can be used to increase the size of the light source. 

30 As shown in Fig. 3B, a converging element 48 is placed at the 
end of fiber 44 to provide a wider surface area for source 42. 
Alternatively a cone 50 or lens which tapers to a point can 
be attached to the end of fiber 44 and source 42 formed on the 
lateral side of cone 50 to increase the area of source 42. 

35 a planar waveguide type sensor can also be used, as 

shown in Fig. 4. Planar waveguide 54 is formed on substrate 
60. Planar waveguide 52 has an electroluminescent light 
source 54 formed on one end face thereof and detector 56 
formed on the opposed end face. Sensing chemistry 58 is 
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foreed on th. top surface „,__,.„ . 

cheaistry 5s My o, unlfor „ J p :~; «- sensing 

The polyners used in th , 
characteristics which ara M J souroe have 

5 SenS ° rS - =an provide e wid. r a L " C ° nSt ™«»» 

«- «• relatively high power sine ... Wi - Velen9ths ' 
initially te ln llqau m ^ utlon Sl f n " po lyMrs My 

processes are relativel Utl ° n for »- ™»ni coating 

also flaxihle which .1 L v^ l ^ ^ ** 

The invention LZZ^TJZ 
As shown in Mgs . 5A , B ^ J^*" ChM » el "aveguide. 

respectively, a channel v.veguid. « T , VUW =' 

An electroluainescent 1^ sourc. °" 
and of channel waveguide 53 and a /! " " °" 

" «• ^ing JL^ft " 'T"" " 

surface of channel waveguide 53 As !„ \ °" *"* "» 

cheaistry 58 is confioured . - Ulustratei ' the sensing 
Pattern; however. o«™ " ^ ln * *— 

>lao he used. Hultipl"^" Wit ™ »»"ng can 

» - a single suhstrate l^Z,™"*' " <> ' b =" «» »»— 
an elsctrownssort^h ^tsT ^ *' — 
The sensing chemistry 58 , k ' detet *or 56a,b. 

—ant . , - he 

»*g- 6, sensing chemistry 30 is denns.ZT OW " in 

and electroluminescent i ight source 34 L T ' 
chemistry 30. Thus, the 1W ° n Sensin * 

with the sensing chem^ry 30 TdT " " ^ «~ 
' opposed face of ^ ' * 36 is fo ™^ 

on the 

membrane 33 and det^. ,1 1 " " Mla9 CheBist ^ 30. If the 

«U pass through detector ""T PWM ' « 
chemistry 30. «»hran a 33 to sa»pli„ g • 

The polyneric detectors th.* 
Present invention , r . of " lnCl " dad ln ' 

heterojunction type. pigur J or 
oetector structures involving p^rT. - 

A polymer-based Schottkv tvno t , 
shown in Fig. 7A . Detector 62 ^ T 9 62 is 

sector 62 ls formed of a conducting 



WO 94/17556 



7 



PCT7US94/00368 



polymer layer 64 between a pair of electrodes 66,68. Light 
to be detected is incident through electrode 66 onto polymer 
layer 64. Electrode 66 must thus be light transparent and 
very thin. Therefore, electrode 66 includes a thicker step 
5 portion 70 to which an electrical connection 7? is made. 
Electrode 68 may be thicker since light does not pass 
therethrbiigh, and an electrical connection 72 is made thereto. 
A low voltage is applied across polymer layer 64 between 
electrodes 66,68 through electrical connections 72. 

io The conductive polymer layer conducts charge, either 

holes or electrons, depending on the particular material and 
any dopants. If layer 64 is photoconductive at the wavelength 
of the incident light to be measured, extra hole-electron 
pairs are produced by the incident light. The voltage across 

15 the layer draws the electrons and holes in opposite 
directions, toward opposed electrodes 66,68, producing a 
measurable current flow. this measured current is the 
detector output signal. 

If conductive layer 64 is not photoconductive at the 

20 wavelength of interest, the polymer laiyer 64 is formed of sub- 
layers 64a, b where sublayer 64a is a conducting polymer and 
sub-layer 64b, which is at the surface on which the light is 
incident, is a photoconductive polymer. Sublayer 64b thus 
acts as a photogenerator to produce the extra charge carriers 

25 (holes-electrons) and sublayer 64a is the transport layer 
across which the charge carriers are transported to produce 
the detector signal. Sublayer 64b will typically be thin, 
e;g. 5-10% of the total thickness of the composite layer 64. 

Typical dimensions of the polymer detector structure 

30 are as follows. Polymer layer 64 is between 1-100 jna, and 
more preferably 1-10 pm. If a composite layer 64a, b is used, 
the photoconductive sublayer 64b is 5-10% of the thickness. 
Electrode 66 through which the light passes is very thin, 5- 
100 nm, except for the step 70 which is 200-400 nm. Electrode 

35 68 is similar to step 70, 200-400 nm. The transparent 
electrode is typically tin oxide, but other materials 
including indium- or aluminum could also be used. 

Fig. 7B illustrates a similar polymer based Schottky 
type light detector which is double sided, i.e., light is 
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A poly«r based heterojunction/hybrld type light 
detector 74 is shown i„ pi,. 7C . Oetector „ u ^ *« 

P-typ. conducting polyoer layer 76 adjacent to an „- type 
seaaconductor layer 7S between a pair of electrodes .0 « 
Layers ,4.76 for. a p-n junction. Light ls ^ 
electrode .0 mto poller layer 76 which is pnotoeonductive 
T^s can be done, i t necessary, by a photoconducting sublayer' 
10 Electrxcal connections 64 are eade to electrode! 60,87": 
apply a low voltage and measure current flow. Incident light 
produces current flow across the p-„ j unctlon . Tne ' 
conducts, polymer layer 76 is typically o.w.o m thick Z 
the n-type semiconductor layer 78 is w-200 m thick 
" Electrode 80 is light transparent and 5 -ioo n. tticc a „ d 
would also include a thicker step portion as in ele^cd. 6 
of r lg s. 7A,B), while electrode 82 may be thicker, 10-400 nm 
in' oIaT Se * iC0 " dUCt0,: is a «»«»tion.l .ateri.1, sl ,' 

"v 

20 liaht d ♦ P ° lyner hetero ^ction/hybrid type 

light detector 86 shown in Fig. 7 D is similar to Fie 7c 
except that the light is incident through electrode 82 to „- 

Tso D S r r CQndUCt0r ^ 78 WhiCh iS P^toconducting. This 
also produces current flow across the p-n junction. In this 

5.10 ™' " ^ - ^rent so it is about 

5 lOOna thack, except for a step portion (not shown) as in 
ele^ " The n-type semiconductor layer 78 is thilr 
0.1-10 m , whxie the p-type conducting poller layer 76 is 
thxocer, 1-50 m . Electrode 8Q can ^ ^ ^ » 

Polymers that can be used a c 
Photoco nductive/condurtive naterials in ^ ^ 

the following and various combinations thereof. 

Polythiophene and its derivatives 
Polyisothionaphthene 
Trans-polyacetylene 
Polypheny lene . 

Copolymer of pyrrole and quinone 
Polyguinoline(s) 
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Polyaniline 

Sulfonated polyaniline 
Polyarylene vinylene 
Polyvinylene 
5 Polypyrrole and its derivatives 

Poly(n-vinyl carbazole) 

Polypheny lmethylsilylene/2 , 4 , 7-trinitro-9-f luorenone 
Po ly tet r af luor oethy 1 ene 
Copolymers of vinyl idene fluoride and 
io trifluoroethylene 

Blends of polyvinylidene fluoride and 

polyalkylmethacrylate (s) 
Poly(arylene azomethine) 
Poly(arylene sulfurdiimide) 
is Poly(2-H-carbazolylethyl inethacrylate) 

Poly[S-(w-N carbazolylalkyl)L-Cysteine) 
Poly(N-carbazolylethyl glycidyl ether) 
Poly (N-methyl-3-hydroxymethylcarbazolyl acrylate-co- 

acryloyl-3 9 -hydroxypropyl 3 , 5 dinitrobenzoate) 
20 Poly [N-( 2 -hydroxy ethyl) carbanolyl methacrylate-co- 

methacrylol-0-hydroxyethyl 3 f 5- 

dinitrobenzoate] 
Polymers incorporating metal phthalocyanin moiety, 

such as copper phthalocyanine 

25 The polymers can be both undoped or doped with an 

appropriate dopant such as AsF 5 , I 2 , 2 r 4 # 7-trinitro-9- 
fluorenone, sodium, potassium, and carbazole and its 
derivatives* 

Polymeric detectors can include layered 
30 photoconductors with a photogenerator and transport-layer. 

Inorganic polymers acting as photoconductors in the 
detector include polymers with -fP=N)- repeating unit (e.g., 
Po ly [ bis- ( 2 -naphthy loxyphospha z ine ) ] . 

Changes and modifications in the specifically 
35 described embodiments can be carried out without departing 
from the scope of the invention which is intended to be 
limited only by the scope of the appended claims. 
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An optical sensor, comprising: 

an optical transducer; 

an electroluminescent light soll r« 

coupled to the transducer; datively 

a detector operatively coupled to the transducer. 

The sensor of claim 1 wherein the 
electroluminescent l ight source COBprises 
of electroluminescent material an* 
applying a voltage to the layer t ~ 
therefrom. ^ t0 Produce 

p T :;;:r of ciai - 23 wherein «• — * . 

The sensor of claim 2 wherein the 
electroluminescent material is a phosphor. 

The sensor of claim i wherein the optical 
transducer is a waveguide with a • . 

coated thereon. Se " Slng ch ^ry 

The sensor of claim 5 wherein *k 

fiber optic. Wave ^ id « is a 

The sensor of claim i wherein «. 
transducer is a reservoir cell. 

The sensor of claim 1 wherein the optical 
eaectroluminesclnt S^TT^ ^ 
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The sensor of Claim 8 wherein the detector is 
separated from the sensing chemistry by a sample 
flow channel. 

The sensor of Claim 9 wherein the 
electroluminescent light source comprises a layer 
of electroluminescent material and means for 
applying a voltage to the layer. 

The sensor of Claim 1 wherein the detector 
comprises a layer of conducting polymer and means 
for detecting a current produced therefrom by 
incident light. 

The sensor of Claim 11 wherein the detector is a 
Shottky type detector , further comprising a pair of 
electrodes surrounding the conducting polymer. 

The sensor of Claim 11 wherein the conducting 
polymer is p-type and the detector is a 
hetero junction/hybrid detector further comprising 
an n-type semiconductor layer adjacent to the 
polymer layer to form a p-n junction and a pair of 
electrodes surrounding the two adjacent layers. 

A polymeric light detector, comprising: 
a conducting polymer layer; 

a pair of electrodes surrounding the polymer layer, 
at least one of which electrodes is transparent; 
means connected to the electrodes for applying a 
voltage and for detecting an electric current 
produced in the polymer layer by incident light. 

The detector of Claim 14 wherein the conducting 
polymer layer is photoconducting. 

The detector of Claim 14 wherein the conducting 
polymer layer further comprises a photoconducting 
sublayer. 
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The detector of claim 14 wherein the conducting 
polymer layer is p-type, and further comprising an 
n-type semiconductor layer adjacent to the polymer 
layer to form a p-n junction, wherein at least one 
of the polymer layer and semiconductor layer is 
photoconductive. 

The detector of claim 14 wherein the conducting 
polymer layer is about 1-100 M m thick. 

The detector of claim 16 wherein the sublayer 
thickness is about 5-10% of the thickness of the 
polymer layer. 



The detector of Claim 14 wherein the polymer i 
selected from the group consisting of 

Polythiophene and its derivatives 

Polyisothionaphthene 

Trans-polyacetylene 

Polyphenylene 

copolymer of pyrrole and quinone 

Polyquinoline(s) 

Polyaniline 

Sulfonated polyaniline 

Polyarylene vinylene 

Polyvinylene 

Polypyrrole and its derivatives 
Poly(n-vinyl carbazole) 

Polyphenylmethylsilylene-2 , 4 , 7-trinitro-9- 
fluorenone 

Polytetrafluoroethylene 

Copolymers of vinylidene fluoride and 

tr if luoroethylene 
Blends of polyvinylidene fluoride and 

polyalkylmethacrylate (s) 
Poly(arylene azomethine) 
Polyfarylene sulfurdiimide) 
Poly (2-N-carbazolylethyl methacrylate) 
Poly[S-(w-N carbazolylalkyDL-Cysteine] 
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Poly (N-carbazolylethyl glycidyl ether) 
Poly (N-methy 1-3 -hydroxymethylcarbazolyl 
acrylate-co- 

acryloyl-3'-hydroxypropyl 3,5 

dinitrobenzoate) 
Poly [N- ( 2 -hydroxy ethyl) carbazoly 1 
methacrylate-co-methacrylol-/3-hydroxyethyl 
3 , 5-dinitrobenzoate] 

Polymers incorporating metal phthalocyanin 
moiety. 

The detector of Claim 17 wherein the polymer layer 
is about G. 1-1.0 /xm thick and the semiconductor 
layer is about 10-200 /im thick. 

The detector of Claim 17 wherein the polymer layer 
is about 1-50 /xm thick and the semiconductor layer 
is about 0.1-10 /xm thick. 

The detector of Claim 14 wherein the conducting 
polymer layer contains a dopant. 

The detector of Claim 14 wherein the polymer is an 
inorganic polymer with a -£P=N}- repeating unit. 

An optical sensor comprising an optical transducer, 
a light source for inputting light into the 
transducer, and a detector for detecting light from 
the transducer, wherein at least one of (a) the 
light source is an electroluminescent light source 
comprising a layer of electroluminescent polymer 
and means for applying a voltage to the layer to 
produce light therefrom, and (b) the detector is a 
layer of photoconducting polymer and means for 
detecting a current produced therefrom by incident 
light. 

The sensor of Claim 25 wherein either polymer is 
selected from the group consisting of 
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Polythiophene and its derivatives 
Polyisothionaphthene 
Trans-polyacetylene 
Polyphenylene 

Copolymer of pyrrole and guinone 

Polyguinoline(s) 

Polyaniline 

Sulfonated polyaniline 

Polyarylene vinylene 

Polyvinylene 

Polypyrrole and its derivatives 
Poly(n-vinyl carbazole) 

Polypheny lmethylsilyiene/2 , 4 , 7-trinitro-9 
fluorenone 1 

Polytetrafluoroethylene 

Copolymers of vinylidene fluoride and 
trifluoroethylene 

Blends of polyvinylidene fluoride and 

polyaUcylnethacrylate (s) 
Poly(arylene azomethine) 
Poly(arylene sulfurdiimide) 
Poly(2-N-carbazolyiethyl methacrylate) 
Poly[S-(w-N carbazolylalkyl)L-Cysteine) 
Poly(N-carbazolylethyl glycidyl ether) 

Poly(N- n ethyl-3-hydrox yi nethylcarbazolyl 
acrylate-co- 

acryloyl- 3 < -hydroxypropy 1 3 , 5 
dinitrobenzoate) 
Poly[N-( 2 -hydroxyethyl) carbazolyl 

methacrylate-co-methacrylol^-hydroxyethyl 
3 9 5-dinitrobenzoate] 

Pollers incorporating metal phthalocyanin 
moiety. 
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